INTRODUCTION
Hypertension is a major risk factor for morbidity and mortality, particularly in East Asia. 1 Globally, cardiovascular disease is the number one cause of mortality, and in 2008 a major component was stroke and other forms of cerebrovascular disease, 2 with some estimates of roughly 25% of all cardiovascular-disease deaths linked to hypertension. Gastric cancer is the most common cancer worldwide, with age-standardized 2007 incidence rates of 40.4 and 15.9 cases per 100 000 person-years for men and women, respectively. 3 South Korea is known to have a very high incidence of both hypertensive disease and stomach cancer, with the former responsible for 9.6% of total mortality in 2010. 4, 5 Stomach cancer is equally significant, and the South Korean diet is implicated in this problem. 6, 7 High sodium intake is seen as a major cause of both stomach cancer and hypertension. Potassium has been found to be protective in both epidemiological and clinical studies, showing that a high-potassium diet lowers blood pressure in individuals with raised average blood pressure. 8 The traditional South Korean diet is generally high in sodium. According to a 2009 government report on the country's nutritional status, South Koreans consumed 4.6 g of sodium per capita per day and 2.5 g of potassium per capita per day. 9 This is far greater than the World Health Organization (WHO) recommendation of 2 g of sodium per capita per day, though potassium intake is within the limits established by the WHO of 70-80 mmol (2.7-3.1 g) per capita per day. 10 No previous studies have examined sodium and potassium intake patterns and sodium-potassium ratio in South Korea. Using nationally representative data from the Korean National Health and Nutrition Examination Survey (KNHANES), this study examines sodium and potassium intake from individual dietary surveys for the period 1998-2009.
METHODS

Study population
KNHANES is a cross-sectional health and nutrition study of nationally representative samples of non-institutionalized South Korean civilians ages of X1 year. KNHANES is based on a multistage, stratified area probability sample of non-institutionalized South Korean households in different geographic areas and in different age and sex groups. For the purposes of this study, we used the data from individuals ages X2 years from KNHANES 1998 KNHANES , 2005 KNHANES and 2009 . Final sample sizes were n ¼ 10 267, n ¼ 8819, and n ¼ 9264; respectively.
Dietary data
A single 24-h dietary recall was collected from each respondent through in-person interviews. Recipes for all food items consumed were also collected. To enhance recall, particularly for away-from-home food consumption, figures of food shapes and two-dimensional models of plates and bowls were used to assist the respondent's report of the volumes of the food items consumed. 12 On the basis of the recipes collected from each household during the interview, the weight of each ingredient was estimated from the volume of food ingested. Sodium and potassium intake was then calculated using information from the Korean Food Composition Tables  13 and the recipe database for the KNHANES. 14 We present measures of grams per capita per day that take into account non-consumers and the percent consuming each of the food groups examined.
Selected food items
Food groups for this study were created using the system developed at the University of North Carolina at Chapel Hill. The University of North Carolina at Chapel Hill food-grouping system categorizes and groups individual US Department of Agriculture food items from multiple studies over time to ensure comparable food and nutrient compositions. It is important to note that US Department of Agriculture food groups were broken into more detailed, nutrient-based food categories using a systematic method described in detail elsewhere. 15 Additional food groups were added to represent unique Korean foods.
From the University of North Carolina at Chapel Hill food groups, sodium-rich seasonings and specific food items were separated based on their proportionate contribution to total daily sodium and potassium levels. Specifically, foods were listed in descending order of proportionate contribution to sodium (or potassium) intake. Foods representing 0.2% or more of total daily intake of sodium (or potassium) were selected for inclusion.
The final food groups for sodium included seasonings (salt, seasoning powder (MSG), soy sauce, soybean paste, fermented red pepper paste and other seasonings), kimchi (traditional fermented cabbage), ramen (Korean noodles), processed meat (ham, sausage, bacon and others), other noodles and pasta, other sauces, and milk and milk/soy drinks. For potassium the final good groups included vegetables, kimchi, fruits, white rice, starches, seaweeds, milk and milk/soy drinks, plain fish, coffee and tea, pork, soybean paste, plain poultry and poultry dishes, beef, ramen and other foods.
Statistical analysis
All statistical analyses were conducted using SAS (release 9.2; Cary, NC, USA). The w 2 -test was used to compare the percentage of demographically variable groups by year. The Student's t-test was also used to assess differences in consumption (per capita and per consumer) across mean intakes of sodium and potassium. All statistical tests compare 1998 and 2009 only with Po0.05 set for statistical significance.
RESULTS
The distributions of respondents' demographic factors are presented in Table 1 (Table 2) , and did not change significantly during this time period. But the mean sodium intake of females decreased from 4.1 g per capita per day in 1998 to 3.9 g per capita per day in 2009 (Po0.01), whereas male intake significantly increased from 5.1 g per capita per day in 1998 to 5.5 g per capita per day in 2009 (Po 0.001). Mean sodium intake for most age groups decreased except in the middle-aged group (ages 40-59 years), whose consumption increased from 5.1 g per capita per day in 1998 to 5.3 g per capita per day in 2009 (Po0.05). We also measured total salt intake ( Table 2 ). The results show that in 2009 for rural, small city and large cities the intake was 11.8, 11.5 and 12 g per capita per day, respectively. Average national salt intake levels in 2009 was 11.8 g per capita per day.
Most individuals consumed more daily sodium than is recommended. Over 50% of participants consumed X4 g per capita per day of sodium at all three time points examined, with Table 3) .
The major sources of dietary sodium were kimchi and salt, followed by soy sauce, soybean paste and ramen. This order did not change between 1998 and 2009. Sodium intake from kimchi increased from 1.19 g per capita per day in 1998 to 1.31 g per capita per day in 2009 (Po0.05). The absolute intake (Po0.05) and percentage (Po0.001) of sodium from salt decreased significantly between 1998 (0.87 g per capita per day; 17.8%) and 2009 (0.80 g per capita per day; 16.1%). MSG consumption also decreased during this time period (Po0.001), while fermented red pepper paste and other seasonings (including, such as fermented soybean paste and curry powder) increased (Figure 1 ). Shifts in sodium intake per capita (grams), per consumer (grams) and in percentages consuming are found in Supplementary Tables 1 and  2 , are available at the Journal of Human Hypertension website. Per-capita and per-consumer changes in consumption of sodium from added condiments and some packaged, processed foods. Consumers obtained large amounts of sodium from ramen ( Potassium: trends and sources Mean potassium intake significantly increased between 1998 and 2009, 2.6 vs 2.9 g per capita per day (Po0.001). Specifically, potassium consumption among adults ages 19-39, 40-59 and X60 increased during this time period: 2.9 vs 3.1 (Po0.01), 2.8 vs 3.2 (Po0.001) and 2.3 vs 2.6 g per capita per day (Po0.01), respectively. Potassium intake also increased across all levels of income and education and all regions ( Table 2 ).
The proportion of individuals consuming 2 g per capita per day or more of potassium in 1998, 2005 and 2009 was 39.0%, 34.7% and 31.2%, respectively. At the same time persons consuming four to 6 g per capita per day of potassium increased significantly (Po0.001) ( Table 3) . Most of the potassium consumed came from unprocessed foods. In 1998 white rice was the major source of potassium, followed by vegetables, kimchi and fruits. The major sources of potassium were not changed in 2009. There were, however, small, but significant increases in potassium intake from (Figure 2 ). Shifts in potassium intake per capita (grams), per consumer (grams) and in percentage consuming are in Supplementary Tables 3 and 4 . The major sources of potassium intake per consumer were fruit, followed by starch, vegetables, and milk and milk/soy drinks (0.61, 0.49, 0.43 and 0.41 g per capita per day, respectively, Supplementary Table 3) . Differences between per capita and per consumer estimates were largely based on differences in the percent consuming each of these food groups (Supplementary  Table 4 ) On the other hand, per capita and consumer mean potassium intake levels were similar for white rice and vegetables (Supplementary Table 3 ), for example, because large proportions of the population reported consuming each (97.0% and 97.3% in 2009, respectively, Supplementary Table 4) . Table 4 shows the mean per capita sodium-potassium ratio. Between 1998 and 2009 the mean sodium-potassium ratio decreased from 1:88 to 1:71 (Po0.001). The sodium-potassium ratio decreased in all population subgroups. And the population percentage of sodium-potassium ratio 42 significantly decreased over time from 35.1 to 27%, whereas the percentage of persons with a sodium-potassium ratio 0.5, 0.5 to p1.0 and 1.0 to p2.0 increased significantly (Po0.001) ( Table 5) .
Sodium-potassium ratio
DISCUSSION
Sodium intake in South Korea is a major health risk. Most individuals consume more daily sodium than is recommended.
Over 50% of our participants consumed X4 g per capita per day of sodium at all three time points examined, with fewer than 16% of the sample consuming the recommended o2 g per capita per day in 2009. Per capita total salt intake was 11.8 g per capita per day in 2009. While potassium intake increased slightly, linked with a decrease in sodium-potassium ratios in all population subgroups, over 80% of South Koreans consumed a sodiumpotassium ratio above 1.0, the highest ratio suggested in the literature. Overall, sodium intake in South Korea is considerably higher and potassium intake considerably lower than recommended levels. 10 These trends represent an important risk factor for the health of South Korean adults, as high sodium intake has been associated with increased risk of many chronic diseases 16 and higher sodium-potassium ratios are associated with significantly increased risk of several chronic diseases, 17 including cardiovascular diseases 18 and all-cause mortality. 16 We estimated that the mean sodium intake was 4.5 to 4.7 g per capita per day between 1998 and 2009 in Korea. In South Korea more than half of our participants consumed twice the reference intake of 2 g per day between 1998 and 2009. Similar results have been found in many other countries, particularly in East Asia, with mean sodium intake exceeding recommended levels. In 1997-1998 adults ages 40-59 in China consumed between 3.0 and 6.7 g per day, and those in Japan consumed between 4.3 and 4.8 g per day. 19 Although sodium intake in Western countries is slightly lower than that observed in Asian countries, it is still higher than the WHO recommended levels. In 2007-2008, the average sodium intake of the US population aged X2 years was 3.3 g per day, 20 while that in the United Kingdom's was 8.1 g salt (sodium 3.2 g) for adult in 2011. 21 Although potassium intake in South Korea was lower than recommended levels, it was similar to select other research in the US, China and other countries. For instance, usual potassium intake among American men and women, 3.3 and 2.4 g per capita per day, respectively in the third National Health and Nutrition Examination Survey (NHANES III), 16 and elderly hospital patients among men and women, 3.1 and 2.9 g per capita per day, respectively, in Guangdong Province, China in 2007-2008. 22 Potassium intake (range; 3.2 À 4.8 g per capita per day) in the European countries participating in the European Food Consumption Validation Project (EFCOVAL) is slightly higher than that observed in South Korea, Japan and the United States, 23 but almost all countries fall short of meeting the recommended potassium intake. A more recent summary of work has shown that the average potassium intake was from 1.7 g per day in China to 3.7 g per day in Finland, the Netherlands and Poland. 24 Potassium intake in the USA was 2.8-3.3 g per day for men and 2.2-2.4 g per day for women. 25 The 2002 joint WHO-Food and Agriculture Organization of the United Nations Expert Consultation recommended that the general population consume a sufficient amount of potassium to maintain the molar ratio of sodium to potassium of 1:1 or B70-80 mmol of potassium per day. 10 But this is controversial and some scholars recommended around 0.5. 26, 27 In the present study, the mean sodium-potassium ratio was very high, 1.71 in 2009, especially among males and those 19-39 years old (1.80 and 1.81, respectively). This level is higher than the sodium-potassium ratio observed among American men and women (1.31 and 1.23, respectively) in NHANES III. 16 Although many studies reported that high sodium or low potassium intake are associated with increased risk for cardiovascular disease, it is difficult to find the dietary sodium-potassium ratio linked with these same health outcomes.
Individuals did not meet the recommended intake for sodium or potassium in 1998 or 2009, and there were only minor shifts in the levels and major dietary sources of these nutrients over time. In most developed countries about 77% of total sodium intake comes from processed foods and only 12% from sodium naturally occurring in foods. 28 Our study shows a very different situation in South Korea, with kimchi processed either at home (the main source) or in commercial settings contributing 26-27% of total sodium intake between 1998 and 2009. Salt and soy sauce were also significant sources of sodium intake, 16.1% and 8.7%, respectively, in 2009. What is most important to note is that these foods are processed mainly at home or are condiments added during food preparation, not packaged processed foods, as is observed regarding sodium consumption in most developed countries. Major contributors to potassium consumption have also changed very little over time, and are not packaged processed foods. It is important to note, however, that the potassium content of 6% of the consumed foods in the Korean Food Composition Database were missing.
The WHO's global goal is to reduce salt intake to o5 g (2000 mg of sodium) per person per day by 2025, 29 and some countries are aiming for even lower levels in the longer term. 30 Many countries have introduced salt reduction initiatives, often led by governments and sometimes by non-governmental organizations, but rarely by industries. 31 The salt reduction strategy of the UK consisted of two principal areas of work: a consumer awareness campaign and the creation of an enabling environment by working closely with the food industry to provide clear nutrition labeling and to reformulate processed foods. China also has health promotion and educational approaches to encourage people to use less salt while cooking, and they have introduced the use of a calibrated salt spoon to aid in this. In America, the National Salt Reduction is to address industry comment that sodium reduction targets should be uniform and not vary by state or local regions. 32 The South Korean government has also pledged to develop national salt reduction strategies by establishing networks among government, industries and academies, and the Korea Food and Drug Administration (KFDA). The 10-action plans for improving the health of children include lowering the amount of sugars, sodium and trans-fatty acids in children's favorite foods. 33 Our results indicate that sodium substitutes in salt, soy sauce and soybean paste represent a critical component of any such effort.
Clearly, there are important limitations in utilizing 24-h recall data to measure sodium and potassium intake. Twenty-four hour urine collection is the gold standard; however, this is impractical to use it in field surveys or clinical settings. Previous studies indicate a correlation between sodium excretion measured by 24-h urine and sodium intake. Kim et al. 34 reported that urinary sodium excretion was 180 ± 73.9 mmol per day (4.1 g per day), which was about 90.5% for Korean adults. In other studies, Park et al. 35 reported that 24 h sodium and potassium excretion values for Korean hypertensive adults were 150 ± 40 (3.5 g per day) and 49 ± 10 mEq per day (1.9 g/day), respectively. These results were similar to the result of this study, which reported 4.6 À 4.7 g per day of sodium intake and 2.6 À 2.8 g per day of potassium intake, considering a urinary excretion rate between 1998 and 2009 in Korea. No South Korean studies have measured potassium intake with 24-h urinary excretion methods. However studies to estimate the relationship between sodium and Sodium and potassium intake in South Korea H-S Lee et al potassium intake and urinary excretion in this population are necessary. The South Korean food supply is changing rapidly, and hypertension and cardiovascular diseases are still major health burdens among adults. This study points out that individual use of sodium at the home preparation level is the critical issue. Nevertheless, it is unlikely that such high levels of sodium can be removed from the South Korean diet. In addition, education to encourage reduced use of sodium in preparation of kimchi, reduced added salt during other food preparation and reduced consumption of soy sauce and soybean paste is necessary. Finally, a focus on sodium reduction in processed foods, possibly through potassium as a sodium replacement, should be considered.
What is known about this topic
The traditional South Korean diet is generally high in sodium. According to a 2009 government report on the country's nutritional status, South Koreans consumed 4.6 g of sodium per capita per day and 2.5 g of potassium per capita per day. But no previous studies have examined sodium and potassium intake patterns and sodiumpotassium ratio in South Korea.
What this study adds About 50% of the participants consumed X4 g of sodium per capita per day. The proportion of respondents consuming 4-6 g of potassium per capita per day increased from 10.3% in 1998 to 14.3% in 2009 (Po0.001), and the sodium-potassium ratio decreased from 1.88 to 1.71 (Po0.001). Efforts must focus on both education to reduce use of sodium in food preparation and sodium replacement in salt, possibly with potassium.
